23 The aim of this study was to assess the impact of a 6-week specialized training program aimed at 24 strengthening core muscles to improve the effectiveness of selected elements of a swimming race in 25 group of elite polish swimmers. Sixteen male national and international level swimmers (21.6 ± 2.2 26 years) participated in the research. The competitors were randomly assigned to 1 of 2 groups before 27 the data collection process: an experimental (EG, n = 8) and control (CG, n = 8) group. Both groups 28 of swimmers carried out the same training program in the water environment (volume and intensity), 29 while swimmers from EG additionally carried out the specific core muscle training. The task of the 30 swimmers was an individual swim of 50 meters freestyle, during which the kinematic parameters of 31 start, turn and swimming techniques were recorded using the video camera system. In both groups a 32 minor increase in the flight phase was observed during the start (EG=0.06 m, 1.8%; p=0.088; CG = 33 0.08 m, 2.7%; p=0.013). The time of the distance 5 m after the turn and the recorded average speed 34 of swimming this distance in EG statistically significant improved accordingly 0.1 s (-28.6%; 35 p<0.001) and 3.56 m•s -1 (23.2%; p=0.001). In EG, a statistically significant improvement in 50-m 36 freestyle performance was observed by 0.3 s (-1.2%, p = 0.001). The results of the research show that 37 the implementation of isolated strength of the stabilizing muscles seems to be a valuable addition to 38 the standard training of swimmers. 39 40
4 66 this area (Functional Core Muscle Strength test) and led to significant improvement during a 50 m 67 freestyle.
68 Also, Gencer [19] observed that during the experiment, there was a significant improvement in time 69 needed to swim the distance of 50 meters by the experimental group in relation to the control group 70 [19] . Similar conclusions came from Gönener et al. [20] , who after the tests stated that training with 71 the use of Thera-Band tapes (including engaging core muscles) improves the performance of 72 swimmers [20] . Despite the interest of the authors of numerous publications on the issue of core 73 muscle training and despite the universal recognition that the right strength of stabilizing muscles 74 improves the athletic level of competitors, there are papers that show only the marginal impact of this 75 training on the final sporting success [7, 10, 19] . The results of many studies also did not show a direct 76 relationship between improving muscular strength on land and improving the results achieved by 77 swimmers in the water [21, 22] . Lack of consistent results, their ambiguity make it necessary to 78 continue research on the effectiveness of training on land, including core muscle training and its 79 impact on the sports score.
80 For this reason, the authors of this study decided to assess the impact of a 6-week specialized training 81 program aimed at strengthening core muscles (SCMT) to improve the effectiveness of selected 82 elements of a swimming race in group of elite polish swimmers. 83 84 Methods 85 Participants 86 Sixteen male national and international class swimmers who are members of the Polish National 87 Swimming Team (seniors and youth) were involved in this research. Participants of the experiment 88 were in the same period of preparation for the competition, i.e. in the sub-period of specific 89 preparation. The competitors were randomized to an experimental group (EG) of 8 swimmers and a 90 control group (CG) also 8 swimmers. Both groups of swimmers carried out the same training program 91 in the water (volume and intensity), while swimmers with EG additionally carried out specialized 92 core muscle training (SCMT), which took place 3 times a week for 6 weeks. The total volume of the 93 applied training program was 288 minutes, of which 216 minutes of effective work with progressing 94 in weekly or biweekly periods. Training performed for the needs of the experiment did not disturb 95 the proper process of preparing swimmers to start in competitions. All participants had current 96 medical examinations and any contraindications to participation in the studies were excluded. None 97 of the swimmers were taking drugs, medication, or dietary supplements known to influence physical 98 performance. During the experiment, the subjects were tested on an equal and balanced diet. Calorific 99 value was selected individually based on the measurement of body mass composition and the volume 100 and intensity of the training program. Swimmers also expressed written consent to participate in the 101 experiment. All competitors were presented with goals, expected duration and course of tests. Table 1 . The measurement of the body height was made with an 106 anthropometer with an accuracy of 0.5 cm, while the body mass and its composition determined by 107 the method of electrical impedance using the InBody 220 device (Biospace Co. Japan). 116 of the main unit part did not exceed 25 minutes. According to the purpose of the research, the 117 developed training program included exercises involving the core muscles. In the general sense, we 118 interpret them as torso muscles or less recently used the term "body core". Comparing with each other 119 numerous definitions of this term we find a common denominator, which is the deep muscles that 120 provide stabilization of whole body and the base for functional stability of the lumbar, sacral and iliac 121 area [6, 10, 12, 14] . SCMT consist of four exercises: Flutter kicks (scissors), single leg V-Ups, Prone 122 physio ball trunk extension, Russian twists. Progression consisted of changing the position of the 123 body, adding a motion element, adding an unstable ground and increasing the resistance. The same 124 training units were carried out three times a week. Depending on the exercise, the level of difficulty 125 progressed in weekly or bi-weekly cycles. In the case that the competitor was unable to complete the 126 task with a certain resistance, he returned to the load from the previous microcycle until the end of 127 the duration of the given exercise. All exercises were performed in 4 series in a 40-second work 128 schedule -a 20-second break between sets. A detailed training program is presented in Table 2 The tests consisted of two stages: preceding the experiment and performed after the experiment.
134 During the research used the same procedure, the same time of day and the order of the athlete. The 135 measurements were carried out on a 25-meter swimming pool (The Jerzy Kukuczka Academy of 136 Physical Education in Katowice) three days before and after the core muscle training was completed.
137 The task of the swimmers was to swim 50 meters freestyle from the starting block under the race 138 conditions. In order to accurately measure the times obtained by the participants, the Omega 139 electronic time measurement system was used (OMEGA S.A., Switzerland). The swimming race was 140 recorded using two digital video cameras (JVC GC-PX100BE, Japan) with a rapid shutter speed 141 (1/1000 s), operating at a sampling rate of 50 Hz. One of the cameras was set 1.5 m above the water 142 at a distance of 2 m from the starting wall perpendicular to the direction of the road traveled by the 143 swimmer in order to register the dive start and enter the swimmer into the water. The second camera 153 measured on a distance of 5 meters after the turn, and then the speed of swimmer after the turn on the 154 distance of the first 5 meters was calculated. Additionally, based on the swimming velocity data and 155 the time of three complete stroke cycles, the stroke rate (SR) (cycles•s -1 ) and the stroke length (SL) 156 (m) were determined (detailed description of the all measured parameters is provided in Table 3 ). All 157 video files were analyzed by 2 different researchers with the Kinovea (version 0.8.26.) software, 158 which allowed time-motion analysis of registered elements. 159 160 Table 3 . Detailed description of the parameters measured by using the Kinovea software 161 program while swimming 50-meter front crawl.
Entry distance (cm)
Distance from the starting wall to the head entry point. It is considered as the length of the flight and is measured parallel (horizontal) to the water surface.
Entry velocity (m•s -1 )
The horizontal velocity of the swimmer travelling through the air during the flight phase before entry into the water (based on the length of the flight phase and the time in the air).
Time in the air with Take-Off (s)
The time needed by the swimmer to leave the block following the starting signal. It is considered as the reaction time.
Time in the air (s) (Flight phase)
The time from when the swimmer leaves the block to when the swimmer's head enters the water. It is also known as the flight phase.
Dive angle (degrees)
The angle at which the swimmer enters the water. It is the angle between the water surface and the central axis of the body at the time when the head touches water surface.
Reaction time (s)
Time 5 m after the flip turn (s)
The time needed by the swimmer to reach the 5 m line after the turn. It was measured between pushing off the wall and crossing the 5 m line by the swimmer's head.
Average velocity after the flip turn (m•s -1 )
The horizontal velocity, which the swimmer reaches 5 m after pushing off the wall.
Swimming velocity (m•s -1 )
The horizontal velocity, which the swimmer obtains during swimming 5 m on the distance. It was measured between 12.5 and 17.5 m during the first and second 25 m.
Time of 3 cycles (s)
The time needed by the swimmer to perform 3 strokes. It was measured during the first and second 25 m.
Stroke rate (cycles•s -1 )
The time required to perform 3 stroke cycles was measured (in the middle section of the first and the second lap) and then used to calculate Stroke Rate; SR= 60 × 3/tSR (SR-Stroke Rate, tSR-time taken of 3 cycles).
Stroke length (m)
The distance covered in one stroke. It is calculated by dividing the swimmer's distance by the stroke rate. The SL calculation is based on the data gathered in 9-m sectors of the distance of 50 m, during both laps (for the first lap between the 15 and 24 meter, and for the second lap between the 40 and 49 meter).
Total time for 50 m (s)
The total time to cover the distance of 50 m from the starting signal until the wall is touched by hand of swimmer at the end. 185 Table 4 shows the results of all measurements made before (pre-test) and after training (post-test).
186 In both the EG and CG, after the end of the 6-week training, we can observe an increase in the entry 187 distance during the take-off. In the EG, the improvement was 0.06 m (1.8%, p = 0.088, ES = 
